The mechanical properties of naturally-derived matrices and biomaterials are thought to play an important role in directing cell adhesion, spreading, motility, proliferation and differentiation. However, recent reports have indicated that cells may respond to local nanoscale physical cues, rather than bulk mechanical properties. We had previously reported that primary keratinocytes and mesenchymal stem cells did not seem to respond to the bulk mechanical properties of poly(dimethyl siloxane) (PDMS) substrates. In this study, we examine the mechanical properties of weakly crosslinked PDMS substrates and observe a liquid-like behaviour, with complete stress relaxation. We then report the observation that HaCaT cells, an epidermal cell line, proliferate readily at the surface of uncrosslinked liquid PDMS, as well as a low viscosity (0.77 cSt) fluorinated oil. These results are suprising, considering the current views in the field of mechanotransduction on the importance of bulk mechanical properties, but we find that strong mechanical interfaces, presumably resulting from protein assembly, are formed at liquid-liquid interfaces for which cell adhesion and proliferation are observed. Hence our results suggest that cells sense the nanoscale mechanical properties of liquid-liquid interfaces and that such physical cues are sufficient to sustain the proliferation of adherent cells.
Cell adhesion, spreading, proliferation and differentiation are regulated by a complex collection of factors, including growth factors, cytokines, extracellular matrix composition and the presence of neighbouring cells 1, 2 . In addition to biochemical cues, physical properties of this microenvironment have been shown to modulate cell phenotype 3, 4 . For example the nanoscale topography of biomaterials was found to regulate the adhesion, spreading and fate of stem cells [5] [6] [7] . Similarly, mechanical properties of the ECM have been shown to affect cell adhesion, spreading 8, 9 , motility 10, 11 , proliferation 12, 13 , differentiation 14, 15 and stem cell self-renewal 16 . Changes in ECM mechanics are also often correlated with pathologies such as cancer, where they are thought to contribute to the development of an abnormal and potentially invasive phenotype [17] [18] [19] . Such interactions not only have important implications for our understanding of biological processes and signalling underlying the control of cell phenotype, but also for the design of biomaterials supporting the long term expansion of stem cells as well as acting as scaffolds for the regeneration of damaged or diseased tissues.
In many cases, stem cell phenotype has been correlated with the bulk mechanical properties of substrates designed to study mechanostransduction, such as ECM protein-functionalised poly(acrylamide) or poly(ethylene glycol) hydrogels 14, 15 . In the vast majority of these works, cells are most sensitive to stiffness in the range of 0.1-100 kPa, a very broad range considering it refers to forces that are thought to be generated via one single main contractile machinery (e.g. mediated by integrin, focal adhesion and the actin cytoskeleton). However, we previously reported that primary keratinocytes and mesenchymal stem cells (MSCs) did not apparently respond to the mechanical properties of hydrophobic substrates (crosslinked poly(dimethyl siloxane), PDMS): their spreading and differentiation remained unchanged on PDMS matrices with a range of Young's moduli of 0.1 kPa to 2 MPa 20 . This suggested that cells respond to nanoscale mechanical properties of their microenvironment, at least at the single cell level, rather than bulk mechanical properties. More recently, a number of other reports also evidenced that direct correlations between bulk mechanical properties and cell phenotypes are perhaps misleading. For example, whilst MSCs displayed maximum spreading and differentiated into osteoblasts on stiff poly(acrylamide) hydrogels 14 , their spreading remained unchanged on soft quasi-2D nanofibrous mats compared to stiffer mats 21 . This was attributed to the increased remodelling of soft fibres and their clustering into bundles supporting the formation of focal adhesions. Similarly, whilst MSCs encapsulated into stiff 3D covalently crosslinked alginate hydrogels committed to osteogenic lineages 22 , they differentiated into osteoblasts when seeded within soft viscoelastic alginate gels or degradable hyaluronic acid matrices 23 . In such cases, it was again the ability of cells to remodel their softer environment and allow the clustering of ligands that was attributed to the seemingly contradicting phenotypes observed.
These results indicate that cells sense other physical cues, in addition to bulk mechanics, such as nanoscale ligand clustering and matrix remodelling, and that these cues can dominate. This concept has already been proposed by Sheetz and Ladoux, who proposed that mechanosensing arises from nanoscale (near 100 nm) strain sensing events [24] [25] [26] . Recently, del Rio et al. confirmed the occurrence of such nanoscale strain sensing process by studying the spreading of cells on self-assembled monolayers displaying tethers of varying length. Single molecule force spectroscopy identified that a critical ligand displacement exists (falling between 40 and 200 nm) beyond which However, the absence of cell response we previously reported on PDMS substrates 20 was not fully explained and the precise origin of the divergence between bulk and nanoscale mechanical properties in such substrates remained unclear. Could such divergence arise from the rates at which cells probe their mechanical environment, compared to the rates at which mechanical characterisation is typically carried out? If not, what is the molecular origin of this divergence and can we quantify the corresponding nanoscale and bulk mechanical properties? Our work in this area led us to investigate further the mechanical properties of very weakly crosslinked Sylgard 184 PDMS substrates and to study the behaviour of cells spreading at the surface of non-crosslinked oils.
A. Materials and Methods

Materials
Trimethylamine, triethoxy(octyl)silane, trichloro (1H, 1H, 2H, 2H-perfluorooctyl) silane, 2,3,4,5,6-pentafluorobenzoyl chloride, poly(dimethyl siloxane) (PDMS, trimethyl siloxane terminated) were purchased from Sigma-Aldrich. The fluorinated oil (Novec 7500) was from ACOTA. Ethanol was purchased from VWR chemicals. DMEM cell culture medium, Hoechst 33342, LIVE/DEAD assay kit and versene were from Thermofisher Scientific. SYLGARD 184 PDMS was from Ellsworth. Reagents were used as received unless specified otherwise. Double distilled water (ddH2O) was obtained using a Purelab® Chorus system.
Formation of liquid-liquid interfaces for cell culture
24 well plates were plasma oxidized using a plasma coater (Diener, 100 % intensity) for 10 min. 500 μL ethanol, 10 μL trimethylamine and 10 μL of the desired silane (triethoxy(octyl)silane to prepare interfaces with liquid PDMS or trichloro (1H, 1H, 2H, 2H-perfluorooctyl) silane for the fluorinated oil) were added into each well. Ethanol was added in between wells to slow down evaporation and parafilm was used to seal the well plate cover. After incubating for 24 h, the wells were washed in a sterile environment with 70% ethanol (twice) and ddH2O (three times). 500 μL fluorinated oil with fluorinated surfactant (2,3,4,5,6-pentafluorobenzoyl chloride) at final concentrations of 0.01, 0.005 and 0 mg/mL was added in the fluorophilic 24 well plate to form the bottom liquid layer. Cell culture medium (2 mL, containing foetal bovine serum) was directly added into each well to generate corresponding liquidliquid interfaces and cell were added shortly after the formation of these interfaces.
HaCaT culture and seeding
Human keratinocyte HaCaT cells were cultured in DMEM containing 10 % foetal bovine serum (FBS, Labtech), 1 % LGlutamine (200 mM) and 1 % Penicillin-Streptomycin (5,000 U/mL). For proliferation assays, HaCaT cells were harvested with trypsin (0.25 %) and versene solutions (0.2 g/L EDTA in Phosphate Buffered Saline) in a ratio of 1/9, centrifuged, counted and resuspended in DMEM at the desired density before seeding onto substrates (conditioned as stated above, in a 24-well plate) at a density of 2,000 cells per well (1,000 cells per cm 2 ). Cells were left to adhere and proliferate in an incubator (37 °C and 5 % CO 2 ) for different periods of time, prior to staining and imaging. For passaging, cells were reseeded in a T75 at a density of 250k cells per flask.
Immunofluorescence staining and antibodies.
Immunofluorescence staining and antibodies. After washing once with PBS, samples were fixed with 4 % paraformaldehyde (Sigma-Aldrich) for 10 min and permeabilized with 0.2 % Triton X-100 (Sigma-Aldrich) for 5 min at room temperature. Following blocking for 1 h in 10 % foetal bovine serum and 0.25 % gelatine (from cold water fish skin, Sigma-Aldrich), substrates were incubated with primary antibodies for 1 h at room temperature, and with Alexa Fluor 488-conjugated secondary antibody (Thermofisher Scientific) for 1 h at room temperature (1:1000). When relevant, tetramethyl rhodamine isothiocyanate phalloidin (1:500, Sigma-Aldrich) was included in the blocking solution and DAPI （1:1000， Sigma-Aldrich） in the secondary antibody solution. Samples of cells adhering to oils were imaged directly without mounting.
Hoechst staining and LIVE/DEAD cell viability assay
Cell proliferation was assessed via Hoechst (nuclear) staining. Cells were incubated in DMEM containing 5 µL Hoechst 33342 (1 mg/mL stock solution) for 30 min before imaging by epifluorescence microscopy (see below). Viability of HaCaT cells on fluorinated oil interfaces was quantified by LIVE/DEAD viability/cytotoxicity assay using a kit. In brief, HaCaT cells were incubated in DMEM with 2 µM Calcein AM and 4 µM Ethidium homodimer for 30 min. stained cells were imaged using a Leica DMI4000 fluorescence microscopy (see below). The percentage of viable cells was calculated by counting the number of green (live) cells and dividing by the total number of cells.
Fluorescence microscopy and data analysis
Fluorescence microscopy images were acquired with a Leica DMI4000B fluorescence microscope (CTR4000 lamp; 63 × 1.25 NA, oil lens; 10 × 0.3 NA lens; 2.5 x 0.07 NA lens; DFC300FX camera). To determine cell densities (per area), cell counting was carried out by thresholding and watershedding nuclear images in ImageJ. In the case of cell clumps, for which this protocol did not allow the isolation of individual nuclei, cells were counted manually. Statistical analysis was carried out using Origin 8 through one-way ANOVA with Tukey test for posthoc analysis. Significance was determined by * P < 0.05, ** P < 0.01, *** P < 0.001 and n.s., non-significant.
Rheology of cured PDMS samples
Sylgard 184 PDMS samples were prepared at a base/cross linker ratio of 100/1. The base and crosslinker were mixed and degassed until no bubbles were present under vacuum. The sample was then tested in a TA Discovery HR3 Rheometer. The PDMS was initially cured in situ at 60 o C for 3 h, using a 40 mm parallel plate, under oscillating time sweep at a frequency of 1Hz and oscillating amplitude of 1 10 -4 rad. Once the sample had cured it was cooled to room temperature (25 o C) and left to Please do not adjust margins
Please do not adjust margins settle for 300 s before a series of stress relaxation tests were performed. All relaxation tests were 300 s long with a strain rate of 1 %/s and the samples were strained to 0.01 %, 0.1 %, 1 % and 10 %. After the stress relaxation tests, a frequency sweep was performed at a displacement of 10 -4 rad from 0.1 to 100 Hz on a logarithmic scale getting 10 points per decade. This was followed by a stress sweep performed at 1 Hz, from 0.1 to 100 Pa on a logarithmic scale with 10 points per decade.
Interfacial rheology
Rheological measurements were carried out on a hybrid rheometer (DHR-3) from TA Instruments fitted with a double wall ring (DWR) geometry and a Delrin trough with a circular channel. The double wall ring used for this geometry has a radius of 34.5 mm and the thickness of the Platinum-Iridium wire is 1 mm. The diamond-shaped cross-section of the geometry's ring provides the capability to pin directly onto the interface between two liquids and monitors the interface properties without complicated sub-phase correction. 19 mL of the fluorinated oil pre-mixed with surfactant were placed in the Delrin trough and the ring was lowered, ensuring contact with the surface, via an axial force procedure. The measuring position was set 500 μm lower than the contact point of the ring with the oil-phase surface. Thereafter, 15 ml of the PBS buffer were carefully syringed on top of the oil phase. Time sweeps were performed at a constant frequency of 0.1 Hz and a temperature of 25 o C, with a displacement of 1.0 10 -3 rad to follow the formation of the protein layers at the interface. The concentration of BSA used for all rheology experiments was 1 mg/mL (with respect to aqueous phase volume). Before and after each time sweep, frequency sweeps (with a constant displacement of 1.0 10 -3 rad) were conducted to examine the frequency-dependant characteristics of the interface whilst amplitude sweeps (with constant frequencies of 0.1 Hz) were carried out to ensure that the chosen displacement was within the linear viscoelastic region.
B. Results and Discussion
Stress relaxation properties of weakly crosslinked PDMS
Having previously established that human primary keratinocytes and mesenchymal stem cells adhered well even at the surface of ultra-soft PDMS (100:1 crosslinker ratio of Sylgard 184 PDMS), we further examined the mechanical properties of this specific type of materials. In particular, we aimed to determine whether the rate of deformation applied by cells could account for the behaviours observed, as weakly crosslinked viscoelastic materials are known to display strong frequency dependent profiles 28 . We crosslinked Sylgard 184 (base:crosslinker 100:1) in situ in a rheometer and carried out amplitude and frequency sweeps ( Figure 1A and B) . We Please do not adjust margins
Please do not adjust margins observed a strong frequency dependent profile (quasi-linear log-log relationship) of the shear moduli as a function of the oscillation frequency ( Figure 1B) , with the storage modulus varying by nearly 3 orders of magnitude over the frequency range probed. Interestingly, the highest moduli, measured at a frequency of 100 Hz, was only slightly above 3.4 kPa (corresponding to a Young's modulus of 10 kPa). However, corresponding the 2 m displacement (for the periphery of the 40 mm plate geometry) used for these measurements, this would correspond to a rate of 200 m deformation per second.
Cells adhere to 2D materials and interfaces via the formation of focal adhesions thought to be the main elements responsible for the transmission of contractile forces to the extra-cellular matrix [29] [30] [31] [32] . These adhesions, typically in the range of 0.5-10 m 2 , apply nN forces to the matrix (typically 1-20 nN) 31, 33 , mediated by actin polymerisation and actin flow at rates of 100-200 nm/s 24 . Such forces are thought to be oriented mainly in the plane of the substrate (although some out-of-plane contribution has been observed) 34 . Considering these deformations and their rates, cells should sense shear moduli corresponding to a range of 1-10 Pa for the weakly crosslinked 100:1 PDMS studied, significantly below the range typically thought to be sensed (for example by cells spreading on hydrogels) 14, 24 . Hence our results indicate that the apparent absence of response of cell spreading on weakly crosslinked Sylgard 184 PDMS cannot simply be explained by the strong frequency dependent mechanical behaviour of this material. However, the modulus of 100:1 PDMS materials also displayed hallmarks of viscous materials, rather than a viscoelastic behaviour, with the loss modulus slightly higher than the storage modulus of the samples tested over the entire frequency range ( Figure 1B ). In addition, stress relaxation experiments demonstrated full relaxation of these samples, indicating a classical viscous liquid behaviour ( Figure 1C) . Cell adhesion to viscous fluids with short relaxation times (a few seconds) is surprising as it should not allow ligand and protein clustering for sufficient periods of time to sustain actomyosinbased cell contractility. Although recent reports gave evidence that increased stress relaxation in viscoelastic hydrogels results in ligand clustering and cell spreading 23, 35 , such process still requires residual stress to persist for prolonged times (min to h). This suggested that bulk mechanical properties are perhaps not representative of nanoscale interfacial mechanical properties of the PDMS substrates we previously tested and led us to ask whether any bulk crosslinking of PDMS substrates was actually required in order to sustain cell spreading, proliferation and to regulate stem cell fate decision.
HaCaT cells proliferate on uncrosslinked liquid Sylgard PDMS
In order to test to which extent crosslinking of PDMS was required to sustain cell proliferation, we simply omitted to crosslink the base Sylgard 184 PDMS mixture (no addition of crosslinker) and seeded HaCaT cells onto the resulting oil interfaces. The tissue culture polystyrene (TPS) surface and the PDMS oil-water surface were treated with a collagen solution (20 g/mL) in order to sustain cell adhesion, but without any chemical treatment to promote coupling to the corresponding interfaces. After 3 and 7 days of culture, we stained cells with the nuclear staining agent Hoechst 33342 and imaged the resulting samples via epifluorescence microscopy to determine any increase in cell density (Figure 2 ). We clearly observed the formation of cell colonies on TPS as well as Sylgard 184 liquid PDMS, with comparable cell densities 7 days after culture.
Recently, two articles have reported the impact of matrix viscosity and stress relaxation on the clustering of ligand receptors and the ability of cells to spread at the surface of or within the corresponding materials 23, 35 . It was proposed that the stress relaxation of viscoelastic materials enables the reorganisation of ligands, upon loading under cell-mediated tension, enabling the clustering of integrins and the generation of cell-mediated traction forces supporting the assembly of the actin cytoskeleton and cell spreading. To test further whether Sylgard PDMS could display sufficiently strong viscoelastic properties (despite full stress relaxation even in lightly cured samples, as discussed above), we cultured cells at the surface of liquid PDMS with defined composition (fully methylated PDMS) and controlled viscosity (up to 5000 cSt, comparable to the 
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Please do not adjust margins viscosity of Sylgard 184 PDMS. However, no significant cell proliferation was observed (Figure 2) , although some small, non-spread colonies were observed in some of the experiments (but not all) carried out on the most viscous PDMS oil tested.
This highlighted that the proliferation of HaCaT cells observed on liquid Sylgard 184 PDMS is not resulting purely from its high viscosity. However, Sylgard PDMS is a relatively complex mixture of alkene functionalised PDMS and alkene-silane functionalised materials (full composition not disclosed) and our results suggested that perhaps some of the components present in Sylgard PDMS may alter the interfacial properties of the resulting materials or oils, when in contact with cell culture medium. In fact, the culture of cells (fibroblasts) on liquid substrates (PDMS and fluorinated oils with low viscosities) has been reported previously by Keese and Giaever in the 80s 36, 37 . In such cases, the authors showed that fibroblasts proliferate at relatively high rates on liquid substrates. They also highlighted that the presence of surfactants in the oil phase was required to mediate such phenomenon 38 . Hence, our experiments and studies indicate that bulk mechanical properties are not necessarily required to mediate cell adhesion and proliferation and that liquids can support such processes
HaCaT cells proliferate on a low viscosity fluorinated oil
In order to probe further the phenomenon of cell culture at liquid-liquid interfaces, we repeated the experiment of Keese and Giaever with a fluorinated carrier commonly used in the field of droplet microfluidics, Novec 7500 (viscosity 0.77 cSt). We used a surfactant that was reported to mediate the growth of fibroblasts, pentafluorobenzoyl chloride (PFBC). In the absence of surfactant, no significant cell culture was observed. However when PFBC was added at a concentration of 0.005 or 0.01 mg/mL, significant amounts of cell proliferation was observed, with relatively large and spread colonies apparent after 7 days of culture, although smaller than those formed on tissue culture polystyrene (TPS, Figure 3 ). This is in good agreement with the reports of Keese and Giaever, which showed that fibroblasts proliferated at high rates, although direct comparisons with tissue culture polystyrene was not made. Our results indicate that such behaviour is also applicable to the case of epithelial cells such as HaCaTs.
We examined whether differences between proliferative behaviours observed on TPS and at oil interfaces were due to toxicity of some of the oil/surfactant mixtures used to generate liquid-liquid interfaces (Figure 4) . We observed that cell viability was high (comparable to TPS) when cells were cultured on oil interfaces generated in the presence of PFBC. When no surfactant was used, few rounded colonies formed and displayed increased toxicity, although viabilities remained close to 70%. Hence our viability assay suggests that rather than being due to the toxicity of components of the Novec 7500/PFBC mixtures, the decreased proliferation of HaCaT cells compared to TPS is due to other signals, potentially mechanical.
However, HaCaT cells being adherent cells requiring integrin binding for their proliferation (as for primary keratinocytes) 39, 40 , the fact that cell proliferation and the formation of spread colonies was possible on liquid substrates suggested that the formation of mechanically strong interface was occurring. This would be likely mediated by the adsorption of proteins from the medium and serum (FBS). Protein adsorption is known to strongly impact cell adhesion and proliferation to solid substrates, including hydrophobic materials 41, 42 , although it is typically not thought to impact the mechanical properties of the matrix that cells sense when exerting forces to sustain spreading. However, weak anchorage has been reported to result in cell detachment, despite initial adhesion, due to ECM proteins being peeled off the corresponding substrate 43 .
Protein adsorption also occurs at liquid-liquid interfaces and is known to mediate important processes such as the stabilisation of emulsions or foams 44 . Hence we proposed that protein adsorption to the PDMS and fluorinated liquid-liquid interfaces studied, modulated by the presence of surfactants or additives, mediated cell adhesion and proliferation.
Cell proliferation on fluorinated oil is mediated by a strong mechanical interface
Keese and Giaver also came to the conclusion that protein films must form at liquid-liquid interfaces and be sufficiently mechanically strong to sustain contractile forces generated 45 . Using a modified viscometer, they estimated the mechanical strength of the interfaces generated, in the range of 0.005 to 0.07 N/m and found that fibroblast proliferation reached a plateau at concentrations of PFBC above 10 g/mL. In their measurements, they specifically investigated the mechanical properties of interfaces generated from albumin solutions, rather than formed in the presence of cell culture medium. To quantify the mechanical properties of the interfaces we generated, we used interfacial shear rheology and a du Noűy ring with a diamond-shape crossection, limiting the shear contribution from the fluid phases 46 . Upon injection of 10% FBS to the aqueous phase (PBS) of an interface formed with the fluorinated oil Novec 7500, the storage shear modulus increased by nearly two orders of magnitude ( Figure 5 ). This increase was relatively fast and complete within 30 min. Similarly, when this experiment was repeated in the presence of 10 g/mL PFBC, a fast increase of the interfacial storage modulus was observed, with comparable rate, but reaching slightly higher plateau values, above 10 -2 N/m.
Further investigation of the frequency dependency of the interfacial storage and loss moduli after full equilibration of the protein sheets assembled was carried out ( Figure 6 ). We measured storage moduli significantly higher in the presence of 10 g/mL PFBC compared to the naked oil (43.6 ± 7.5 mN/m and 18.9 ± 6.8 mN/m, respectively). This is in good agreement with the measurements previously made by Keese and Giaever, who had measured a modulus of c.a. 20 mN/m for an albumin Please do not adjust margins
Please do not adjust margins functionalised interface in the presence of 10 g/mL PFBC 45 , a concentration that was found to support well fibroblast growth and spreading 38 . However, despite the general agreement of the scale of the interfacial moduli measured by Giaever et al. in our study, we found that the interfacial modulus required to sustain cell spreading had to be 2 fold higher (43 mN/m vs 20 mN/m). This could be a result of the greater sensitivity of our experimental set up (weaker contribution of the shear properties of the liquid carriers), and the methodology used (paddle of the viscometer applying a mono-directional deformation in the case of the work of Giaever et al. and oscillating strain in our experiment). These values are also in good agreement with those measured for globular proteins such as lysozyme and albumin associating at oil-water interfaces 47, 48 . Hence, we propose that proteins contained in the serum of cell culture medium (such as albumin, which is typically present at mg/mL concentrations in media supplemented with 10% serum) form a stiff sheet at the interface of the two liquids, enabling cell-mediated contractile forces to be sustained.
However, the striking difference observed between cell behaviour on interfaces generated in the absence of PFBC or in the presence of 10 g/mL of this molecule are surprising as they only arise from a 2-fold increase in the interfacial shear modulus. Interestingly, we observed that the frequencydependent profile of the two types of interfaces was significantly different (Figure 6 ). A weaker variation over the range of frequencies probed for interfaces generated was observed in the presence of PFBC. At low frequencies (close to 10 -2 Hz), the interfacial storage and loss shear moduli measured in the absence of surfactant were found to be very close (only 2-fold higher in the case of the storage modulus), indicating significant changes in the viscoelastic behaviour of these interfaces. Hence it could be proposed that changes in viscoelastic properties regulate cell phenotype at liquid-liquid interfaces, similarly to what was observed for cells interacting at the surface of, or within hydrogels 23, 35 . In addition, changes in the type of biomolecules adsorbed at liquid-liquid interfaces, depending on the nature and concentration of surfactants present at corresponding interfaces, are likely to impact cell adhesion and spreading, further contributing to alter cell response at such interfaces.
Conclusions
Overall, our results imply that cell adhesion, proliferation and differentiation at the surface of hydrophobic materials such as PDMS may be regulated by nanoscale mechanical properties of protein interfaces assembled at the surface of such materials, rather than their bulk mechanical properties. We find that the culture of epithelial cells such as HaCaT cells is possible at the surface of very low viscosity liquids, providing a mechanically strong interface is assembled. However several questions remain with such phenomenon. The precise nature of the protein aggregates generated and their interaction with surfactants has not been investigated. The impact of such chemistry on the viscoelastic properties of such interfacial layers could be important and key to the design of a broader range of interfaces supporting the culture of more demanding adherent cell types such as stem cells. In addition, the precise mechanisms via which cell adhesion and phenotype are mediated and regulated at liquid-liquid interfaces are not known and have never been studied: Are they integrin mediated, as in the vast majority of adherent cells spreading on solid 2D surfaces? What are the precise mechanical, morphological and biochemical parameters controlling such interactions? Is stem cell phenotype regulated by such liquidliquid interfaces? The implications of these questions are high for the design of novel stem cell technologies, for example for the design of emulsion-based 3D bioreactors allowing stem cell expansion or simple delivery.
